respectively. The simulated cell distribution was generated by putting 50 GABAergic neurons and 450 other types of cells within a 320×320×100 m volume at random, and a proportion of GABAergic neurons are located inside simulated clustered areas, which are randomly located one or two spheres of diameter of 160 m. The number and size of the spheres are determined based on the experimental results in VGAT-Venus mice. The abscissa represents the percentage of the number of GABAergic neurons located inside the simulated clustered area to the total.
The mean±SEM of the simulated distribution with the ratio of 0, 10, 20, 30, 40, 50 and 60% were 1.01±0.02, 1.00±0.01, 1.00±0.02, 1.03±0.03, 1.08±0.02, 1.21±0.05 and 1.34±0.06, respectively. For each ratio, 10 distributions of cells were generated. The inset shows the scheme of the simulated distribution of GABAergic neurons with the ratio of 50%. In this example, the total number of GABAergic neurons (red cells) was set at 6, and thus the 3 neurons were located inside the clustered area (gray area). Figure 2C . 
Legends for Supplemental Movies
Movie S1. The 3D arrangement of the three types of cells in the cube of 317×317×105 µm of the visual cortex of VGAT-Venus mouse, related to Figure 1B . The conventions are the same as in Figure 1B .
Movie S2. The 3D arrangement of the three groups of cells and the clustered area of GABAergic neurons, related to Figure 3B . The conventions are the same as in Figure 3B .
Movie S3. The 3D arrangement of GABAergic neurons in the cube of 512×512×110 µm of the visual cortex of Dlx5/6-GCaMP3 mouse, related to Figure 4D . The conventions are the same as in Figure 4D .
Movie S4. The 3D image of clustered areas of PV neurons and SOM neurons, related to Figure  6F . The conventions are the same as in Figure 6F .
Supplemental Experimental Procedures Animals
Vesicular GABA transporter (VGAT)-Venus transgenic mice were generated as reported previously (Wang et al., 2009 ). Dlx5/6-Flpe;R26-CAG-FRT-GCaMP3 (Dlx5/6-GCaMP3) transgenic mice in which GABAergic neurons express a genetically encoded Ca 2+ indicator, GCaMP3, were obtained by crossing Dlx5/6-Flpe transgenic mice (Miyoshi et al., 2010 ) with R26-CAG-FRT-GCaMP3 (RBRC05164: http://www.brc.riken.jp/lab/animal/en/) mice.
R26-CAG-FRT-GCaMP3 strain was generated as described previously (Imayoshi et al., 2012) .
PV/myristoylationGFP-low density lipoprotein receptor C terminal BAC transgenic mice (PV/myrGFP-LDLRct mice) that express somatodendritic membrane-targeted EGFP in PV-positive neurons were generated, as reported previously (Kameda et al., 2008 (Kameda et al., , 2012 .
Optical imaging of intrinsic signals
To identify the binocular region of the primary visual cortex, we adopted the fast method of optical imaging of intrinsic signals, as reported previously (Kameyama et al., 2010) . Visual responses to a temporally periodic stimulus were extracted from continuously recorded images by Fourier analysis. The optical images were obtained using a CCD camera (CS8310Bi, Toshiba Teli, Hino, Japan) combined with a 50×28 mm tandem lens (Nikon, Tokyo, Japan). A surface vascular image and intrinsic signal images were obtained using green (54010 nm) and red (65210 nm) illumination lights, respectively. The camera was focused 500 m below the pial surface at the recording session of intrinsic signals.
The periodic stimulus was generated by a visual stimulus generator, ViSaGe (Cambridge DeepSee, Spectra-physics, Mountain View, CA). Laser wavelengths were set at 800 nm and 950 nm for excitation of fura-2 and Venus/EGFP/SR101, respectively. Emitted fluorescence was divided into long-(>570 nm) and short-wavelength light with a dichroic mirror (570 nm, Olympus), and short-wavelength light was further filtered through a band pass filter (510-550 nm, Olympus). Emitted fluorescence in both wavelength ranges were detected simultaneously using two photomultiplier tube detectors (PMTs). The PMT offset was kept at zero throughout the recordings. The microscope objective was shielded from possible stray light by covering the space over the animal's head with lightproof cloth and clay. The fluorescence of fura-2 in the area of 317×317 µm was measured at 295 ms/frame with 320×160 pixels.
In vivo two-photon imaging in Dlx5/6-GCaMP3 mice
Functional imaging of cells which express GCaMP3 was performed with a two-photon laser scanning microscope (AR-1 MP, Nikon), equipped with a water immersion objective lens (CF175 Apochromat 25XW MP, N.A. 1.1 or CFI Fluor 40XW, N.A. 0.8, Nikon) and a mode-locked Ti:sapphire laser (MaiTai HP DeepSee, Spectra-physics). GCaMP3 was excited at 920 nm, and emitted fluorescence was collected with a band-pass filter (500-550 nm, Nikon).
The PMT offset was kept at zero throughout the recordings. The fluorescence of GCaMP3 was measured in the area of either 512×512 µm or 320×320 µm at 538 ms/frame with 512×512 pixels.
In vivo electrophysiology
Whole-cell voltage-clamp recordings of membrane currents were performed with a multiclamp amplifier (Multiclamp 700B, Molecular Devices). Recording electrodes were pulled from borosilicate glass capillary with filaments (0.86 mm inner diameter, 1.5 mm outer diameter).
The resistance of these electrodes with the following internal solution was 3-9 MΏ. The Recordings were targeted to GCaMP3-negative neurons using the shadow-patch technique (Kitamura et al., 2008) with the excitation wavelength of 850 nm. Visually evoked and spontaneously generated IPSCs were recorded at the holding potential of 0 mV. Membrane currents were low-pass filtered at 3 kHz and sampled at 10 kHz using custom made LabView software. Series resistance was monitored before and after each recording session by applying small voltage steps (5 mV of 100 ms duration). The recording was excluded from further analysis if the series resistance was higher than 30 M and/or changed >20% during recording.
Analysis of the visual responses of cells
Time-lapse images were realigned to remove tangential drifts, and cell regions in the images Cells were defined as visually responsive when one of the response amplitude was larger than 2SDs of the baseline signals during the pre-stimulation periods. The degree of orientation selectivity of a responsive cell was evaluated by the half-width at half-height of the peak of the orientation tuning curve and the orientation selectivity index (OSI) of the visual responses. The orientation tuning curve was fitted with the reported function (Carandini and Ferster, 2000) .
The OSI was defined as:
where θ is the angle of the directed grating stimuli ranging from 0 to 315 or 337.5 deg, and R (θ) is the response amplitude at each direction angle of stimulus as described above.
Definition of cell location
In the analysis of the cells in VGAT-Venus and PV/myrGFP-LDLRct mice, horizontal and vertical locations of a cell were obtained as the center of the cell contour and as the depth of the imaging plane that contains the contour, respectively. If the same cells were observed in two different planes, only the larger cell contour was analyzed. In the analysis of the cells in Dlx5/6-GCAMP3 mice, the location of the cell was observed by averaging the location of the contours of the cell in different planes, instead of selecting the largest contour of the cell.
Randomized location of cells
For analyzing the clustering of cells in VGAT-Venus and PV/myrGFP-LDLRct mice, we generated 100 sets of shuffled cell locations as the randomized locations. 
Detection of the spontaneous IPSC events
Spontaneous IPSC (sIPSC) events were detected from single-trial membrane currents in the blank-stimulation periods (3 or 5s) by a template-matching algorithm (Clements and Bekkers, 1997) . The parameters of the algorithm were optimized manually: Detection threshold was set to 5.0  and time constants of the rising and falling phase of the template function were set to 1.0 ms and 5.0 ms, respectively. Only the events with the peak amplitude >20 pA were included for further analysis of sIPSCs. 
Immunohistochemistry and registration of stained cells in Dlx5/6-GCaMP3 mice
After deep anesthesia (with urethane, 5.0 mg/g), the mice were transcardially perfused with 5 ml of 0.01 M phosphate-buffered saline (PBS) followed by 50 ml of 4% paraformaldehyde in phosphate buffer (PFA). The brain was removed and put in the 4% PFA for 2 h at room temperature. Sections of 40 m were cut on a vibratome (VT-1000S Leica), and then rinsed with PBS for 10 min 2 times at 4°C, with PBS containing 0.1% Triton-X100 (PBST) for 15 min once at 4°C and with PBS containing 5% normal goat serum (NGS) for 30 min at room temperature. Sections were incubated in 1% NGS for overnight at 4°C with the following antibodies: anti-GFP (mouse, 1:5,000, GeneTex) and anti-GABA (rabbit, 1:100,000, Sigma).
The sections were washed with 0.01 M PBS for 5 min 4 times, and then incubated with fluorescence conjugated secondary antibodies (Alexa 405 conjugated anti-mouse IgG, 1:1000 and Alexa 594 conjugated anti-rabbit IgG, 1:1000; Invitrogen) in 1% NGS for 2 h at 4 °C.
Finally, the slices were mounted on the glass slide and embedded with Vector shield (Vector Labs). Images of immunostained sections were obtained with a confocal microscope (FV1000D, Olympus) equipped with a dry objective (UPLSAPO 20X, N.A. 0.75, Olympus) .
